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1.  Introduction 

Experiments were recently conducted at the US Army Research Laboratory 
(ARL) Transonic Experimental Facility (TEF) in which 36 RP-80 detonators were 
initiated in a 5-s interval. The experiments were conducted in support of 
modular lethality studies within ARL’s Scalable Effects Program. The 5-s 
simultaneity interval was established as a requirement to avoid predetonation 
interference between adjacent Comp B modular charges and was based on the 
expected travel times of the detonation wave fronts. 

Preliminary discussions with scientists, engineers, and technicians within ARL 
indicated that previous in-house experiences with simultaneous detonation 
experiments consisted of, at most, several detonators. As such, the initiation 
circuit for 36 detonators represented a novel in-house application, possibly with 
complexity and constraint beyond that of a circuit for several detonators. To 
establish a level of reliability in the 36-detonator initiation circuit and to verify 
that the spontaneity and non-interference requirements were being satisfied, a 
series of detonator-only experiments was conducted. The detonator-only 
experiments preceded a successful simultaneous detonation of 33 Comp B 
modular charges in close proximity.  

This technical note describes details and results of the detonator-only 
experiments, with focus on the detonator initiation circuit and associated 
considerations. Notable aspects of the initiation circuit configuration and 
performance are described that may serve as a useful reference for future 
simultaneous detonation experiments. 

2.  Background 

RP-80 detonator initiation has been performed at TEF and other ARL 
experimental facilities for many years. At TEF, the typical experimental 
application involving detonation initiation uses a RISI FS-43 firing system (which 
consists of a control unit and a firing module) and 1 or 2 RISI RP-80 exploding 
bridge wire (EBW) detonators. Appendixes A and B are manufacturer’s 
information sheets on the FS-43 and RP-80, respectively. The RISI FS-43 uses a 
low-voltage 3-pair wire as the permanent firing line (from control unit to firing 
module). The initiation circuit for ARL in-house detonation experiments follows a 
baseline configuration as prescribed in ARL Standard Operating Procedure (SOP) 
385-008.1 
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information sheet included a chart showing the recommended maximum number 
of RP-80 detonators that can be reliably initiated on each leg of a series-parallel 
circuit using the FS-43 firing system, as well as some precautionary 
recommendations. 

The information sheet was used as a basis for initially determining some 
configuration options that could be expected to provide the necessary voltage and 
simultaneity for 36 detonators. For the experiments described herein, the length of 
the replaceable firing line between the transfer box and detonator(s) was firmly 
established as 50 ft. The configuration that was explored and eventually adopted 
for initiating 36 detonators was the use of 2 separate FS-43 systems, each 
providing initiation voltage for 18 detonators. 

The information sheet was based upon certain materiel and/or conditions that 
were not duplicated in the actual experimental setup. For example, the length of 
blasting wire in the chart does not account for the presence of knife switches, 
which can introduce inductance as well as uncertain additional effective firing 
line length.  

Another example of a condition not duplicated in the experimental setup was the 
type of replaceable firing line upon which the chart is based. The chart refers to 
RISI twin-lead blasting wire (part number 167-8559) and RISI “C” cable (part 
number 162-2669); whereas the experiments were begun using RG-58 multistrand 
coaxial wire and completed using Belden 8470-063 black and white (B/W) 
twisted pair of single, insulated, 16 American wire gauge (AWG) lines. 
Eventually, the B/W twisted pair wire was adopted and used to initiate the 
33 RP-80 detonators for the full-up 33 Comp B module test. 

Table 1 shows manufacturer-stated resistance and some physical properties of the 
4 types of wire of interest. In addition to their resistance, the main differences in 
these 4 different types of firing lines are based upon their expense, ruggedness, 
and insulation. RISI C cable, the most expensive and most rugged, is used at 2 
ARL facilities and in a tandem configuration for the Cordin system described 
above; it is also used at some ARL experimental facilities as a permanent, buried, 
conductor. B/W twisted pair, the least expensive and least rugged, is used almost 
exclusively as the firing line of choice at TEF. The other 2 types of wires are 
intermediate in terms of expense and ruggedness. 
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Table 1   Physical properties and resistance of firing lines of interest 

Type 
Diameter 
(inches) 

AWG 
Resistance per 

1,000 ft 
(ohms) 

RISI “C” coaxial cable 0.059 (center conductor) ~15 3.18 
RISI twin lead blasting wire 0.032 20 10.15 
RG-58 coaxial 0.032–0.037 (center conductor) ~20 11.9 
B/W twisted pair 0.051 16 4.8 

 
In-house discussions also revealed that the 5-s spontaneity requirement for these 
experiments was less stringent than in some past in-house experiments using RP-
80-class detonators. It was learned that, during such past experiments, 
simultaneity of less than 1 s was achieved for 2 to 3 detonators. At that time, it 
was also concluded that multiple parallel legs with one detonator per leg provided 
a smaller simultaneity interval than one leg with multiple detonators in series. 
Other unique conditions associated with those past experiments (such as firing 
line lengths) may have contributed to the optimum circuit configurations that 
were adopted at that time.  

3.  Experimental Setup and Firing Matrix 

To establish a level of reliability using the actual onsite materiel and conditions, a 
series of detonator-only experiments was conducted. Figure 2 shows a wooden 
fixture that was designed and constructed to hold multiple detonators in place. 
The fixture facilitated the connection of each detonator to the firing circuit, while 
providing a view for high-speed video coverage. The high-speed video would 
verify detonation and simultaneity for each shot. Figure 3 shows a view of the 
fixture with the camera bombproof in the background. 
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Fig. 2   Fixture used for detonator-only experiments 

 

 

Fig. 3   View of fixture with camera bombproof in background
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Table 2 shows the firing matrix that was executed for the detonator-only 
experiments. The original matrix was devised to incorporate increasing numbers 
of detonators and their simultaneity using small parameter changes. The eventual, 
final matrix was developed as the experiments progressed, based upon the 
observed results. The description of results to be presented subsequently describes 
pertinent outcomes of select shots. Five shots are marked as having failed 
(i.e., failed to satisfy the 5-s simultaneity and/or non-interference criteria), and 
were especially valuable for identifying limiting aspects of the evolving initiation 
circuit. 

Table 2   Experimental firing matrix 

Date Shot 
TEF 
No. 

Firing 
Systems

Wire 
Type 

Firing 
Lines per 

Firing 
System 

Dets per 
Firing 
Line 

Total 
Number 
of Dets 

Check if 
Failed 

11/8/2013 1 39046 1 RG58 1 1 1 … 
11/8/2013 2 39047 1 RG58 1 2 2 … 
11/8/2013 3 39048 1 RG58 3 1 3 … 
11/8/2013 4 39050 1 RG58 3 3 9  
11/8/2013 5 39051 1 RG58 3 3 9  

11/19/2013 6 39053 1 B/W 3 3 9 … 
11/19/2013 7 39054 1 B/W 3 3 9 … 
11/19/2013 8 39055 1 B/W 3 6 18 … 
11/19/2013 9 39056 1 B/W 3 6 18 … 
11/20/2013 10 39057 2 B/W 3 1 6  
11/20/2013 11 39058 2 B/W 3 1 6  
11/20/2013 12 39059 2 B/W 1 1 2 … 
11/21/2013 13 39060 2 B/W 3 1 6 … 
11/21/2013 14 39061 2 B/W 3 3 18 … 
12/19/2013 15 39184 2 B/W 3 6 36  
12/19/2013 16 39185 2 B/W 3 6 36 … 

 
A Phantom 7.3 high-speed digital video camera was used to observe the 
detonation events. Table 3 shows the camera settings for each shot. The 5-s 
desired spontaneity interval represented a near-limit condition for this camera, 
and was achieved by reducing the field of view and image resolution. The 
resulting video images were adequate to determine the relative initiation times for 
each detonator, although the resolution was so low as to sometimes produce 
blurred or grainy images. The high-speed video camera was used, to an extent, as 
a sensor rather than a pure image recorder. Examples of video frames obtained for 
several shots are included with the subsequent discussion of results herein. 
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series, 1-inch-thick, 2-inch-diameter Comp B modular charges in contact with 
each other. Figure 6 shows 3 successive 5-s video frames capturing the initiation 
of shot 2, confirming that both detonators initiated within a 5-s interval.  

 

Fig. 5   Transfer box configuration for shot 2 

 

 

Fig. 6   Successive video frames for shot 2 at 0, 5, and 10 s (left to right) 

 
Figure 7 is a diagram of the transfer box configuration used for shot 3, i.e., using 
one FS-43 firing system and 3 RP-80 detonators, each connected to a parallel leg 
of RG58 wire. Figure 8 shows 3 successive 5-s video frames demonstrating that 
all 3 detonators initiated within a 5-s interval.  
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Fig. 7   Transfer box configuration for shot 3 

 

 

Fig. 8   Successive video frames for shot 3 at 0, 5, and 10 s (left to right) 

 
Figure 9 is a diagram of the transfer box configuration used for shots 4–7, i.e., for 
one FS-43 firing system and 9 RP-80 detonators total, with 3 detonators in series 
on each of 3 parallel legs. 
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Fig. 9   Transfer box configuration for shots 4–7 

Shots 4 and 5 both failed to function as desired. The detonators for shot 4 were 
arranged in a 3-× 4-inch area to retain the same camera field of view as previous 
shots. With the detonators in such close proximity, the same high-speed camera 
settings as the previous shot proved inadequate to visually determine if all 
detonators initiated within a 5-s interval. However, postshot inspection of the 
test site indicated that the detonators on 1 of the 3 parallel legs had been thrown 
from the immediate area. This suggested that predetonation interference had 
occurred.  

Shot 5 used the same circuit configuration as shot 4, but with 2 minor setup 
alterations. First, the detonators were separated from each other by several inches 
to eliminate the suspected predetonation interference. Second, the camera view 
was enlarged and resolution increased. Figure 10 shows 3 successive video frames 
(0, 9, and 18 s) for shot 5. While the 9-s frame interval was too large to 
conclusively determine if the 5-s simultaneity requirement was strictly satisfied, 
the second and third frames showed disparities in detonation initiation and 
progression that indicated questionable simultaneity. 
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Figure 12 is a diagram of the transfer box configuration used for shots 8 and 9, 
i.e., for one FS-43 firing system and 18 RP-80 detonators total, with 6 detonators 
in series on each of 3 parallel legs. Figure 13 shows 4 successive video frames (0, 
6.25, 12.5, and 18.75 s) for shot 8 demonstrating that all 18 detonators initiated 
within a 6.25-s interval and had similar progression. Shot 9 was a virtual repeat 
of shot 8 in terms of setup and performance. 

 

Fig. 12   Transfer box configuration for shots 8 and 9 
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Shot 16 was repeat of shot 15 except that the break box was turned on. The 4 
successive video frames (0, 6.25, 12.5, and 18.75 s) for shot 16 in Fig. 19 
indicate that all 36 detonators initiated within a 6.25-s interval and had similar 
progression. 

 

Fig. 19   Successive video frames for shot 16 at 0, 6.25, 12.5, and 18.75 s (top to bottom) 
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The 16 shots consisting of up to 36 detonators provided the verification of 
reliability and simultaneity needed to proceed with the 33 Comp B modular 
charge shot. Several other Comp B modular charge shots, using up to 7 charges 
connected in series on a single leg, were also conducted early in the program. 
Those shots demonstrated, among other things, that the Comp B modular charges 
could be initiated using RP-80 detonators without a booster pellet.  

Figures 20 and 21 show 2 views of the 33 Comp B modular charge setup. The 
postshot results indicated that a successful simultaneous detonation of 33 Comp B 
modular charges in close proximity was achieved.  

 

Fig. 20   Side view of 33 Comp B modular charge setup. (Photograph courtesy of Dr Muge 
Fermen-Coker.) 
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Fig. 21   Top view of 33 Comp B modular charge setup. (Photograph courtesy of Dr Muge 
Fermen-Coker.) 

6.  Conclusions 

The detonator-only experiments, along with the associated investigation into the 
required parameters, demonstrated an in-house capability for initiating 36 
detonators within a 5-s simultaneity interval. Relevant details concerning the 
setup of the initiation circuit were encountered during the process and contributed 
to the knowledge base. Those details included not only those aspects that 
contributed to successful application of the technology, but also those aspects that 
demonstrated inherent limitations. Perhaps most importantly, the experiments 
served to reaffirm the importance of establishing baseline characteristics on 
explosive operations such as simultaneous detonations, serving as a model for 
future experiments to be conducted safely and on a repetitive basis. 
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Appendix A. Manufacturer‐Supplied Information Sheet on the 

FS‐43  

                                                 
This appendix appears in its original form, without editorial change. 
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Appendix B. Manufacturer‐Supplied Information Sheet on the 

RP‐80  

                                                 
This appendix appears in its original form, without editorial change. 
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regarding Series‐Parallel Firing of EBW Detonators  
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List of Symbols, Abbreviations, and Acronyms 

ARL US Army Research Laboratory 

AWG American gauge wire 

B/W black and white 

EBW exploding bridge wire 

SOP Standard Operating Procedure 

TEF Transonic Experimental Facility 
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